SEMICONDUCTOR DEVICE AND METHOD OF FORMING DIRECTIONAL RE COUPLER WITH IPD
FOR ADDITIONAL RE SIGNAL PROCESSING Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor device and
method of forming a directional coupler circuit with an IPD for additional RF signal processing.
Background of the Invention Semiconductor devices are commonly found in modern electronic
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semiconductor e;%? %B%%ﬁﬂi. OgpeR fek% &g_ﬁq@ttmg diode
(LED), small signa tranS|stor reS|stor capaC|tor inductor, and power meta oxide semiconductor field
effect transistor (MOSFET). Integrated semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor devices include microcontrollers,
microprocessors, charged-coupled deyiges (COP945013:.Callse 2a¢ digital micro-mirror devices (DMDs).
Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projggtiops fartelevision displays, semicondyctgydevices arg found in the fields of

entertamment
semlconductor devices and, more particularly, to a semiconductor

device and method of forming a directional coupler circuit with

an IPD for additional RF signal processing.

Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor

devices are found in the fields of entertainment,



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the
application of an electric field or base current or through the process of doping. Doping introduces
impuritiesC E)nr%% ﬁhei (s:%rpiicggducto(g r%q:tercigl | to ngeslriingat% ggd é:](_gfgtsrol tcrlemcoygugtivitya%f dthe semiconductor
device. A'sémiconddctor device contains active and passive electrical structlires. Active
structuresanetuding lpipotdw and field effectdransistors, dentroldhe dlow eflelectficalncurient. By varying
levels of ﬂg@fing aarnd ap Iifgti%r% %%Q el%c\;rli%g@g Lor baausg oc%ﬁgrein\;, ethe itgl%pus'éstt(%ri ediiher promotes or
restricts the How of electrical current. Passive structures, inc uctiing resistors, capacitors, and inductors,
create a retationshiEbetwesndvoitafeadeciniemaretessary to perform a variety of electrical functions.
The passive and active;stryctures are slegfrically connacted {o form circuits, which enable the
semiconductor device to perform high-speed calculations and other useful functions.
Semicon8USBEHEVIEES afe §erdrafly dvariufacturecbusing Iwo coRfplex aiahufactutieg processes, i.e.,
front-end manufagturing, and back-end manufacturing, each invplving patentially hupdreds of steps.
Front-end manufacturing involves the formation of a plurality of die on the surface of a semiconductor
wafer. Edthrdieid §/pichllyidémitat BRd t6atalns citcuitTofmed by eledifiedify cohreefifg active and
passive compenants, Back-end,manwacturng involyessipgulating indiidual die frgm,thedfinished wafer
and packaging the die to provide structural support and environmental isolation. One goal of
semiconddBtormantfactdtity 516 pFedicESaférSeMicbRddctor deviEes Siamdrdetices typically

consumedgss pewerthavedidherperfarmance; and san hepreduesd mase efficiently. In addition, smaller
semiconductor devices have a smaller footprint, which is desirable for smaller end products. A smaller die

size may be achieved By TRBrovVeRBHIS RF ot prod e8s réstitingfintdié wig*shhdlffer, higher

density agtive-and passive cesiponests. Backiend processes may result inisergicengducter devige
packages with a smaller footprint b% improvements in electrical interconnection and packaging materials.

Another Joal b sEmiESHUCIo HARGTRERMnGIS 18 Brodule Highat Ferfotmanct sefriconductor devices.

Increases in-device peHormamnce aan besactompfished by Jormiag astive camponents that are capable of
operatlnge%t k(]zlgrr}er s%eiedgglnoglggafrequenc (a Ilceétfqogs such as radio fr.equlJePc g%g%\é\nreless

1% base' cur fFrans%stor eit %s .
communications, integra passive aevices é) are often contained within the semiconductor device.

Examplesof {R3s iniclude resistdrsy eapdcitors,candi inglctons. 7 typical IRFs syistem requires multiple IPDs
in one or more semicondycton pagkages tg perform the necessary electrical functians; s,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a

semiconductor wafer. Each die is typically identical and

contains circuits formed by electrically connecting active and



Baluns (balanced and unbalanced), low-pass filters, and RF couplers are important components in
wireless communication systems. The balun suppresses electrical noise, change impedance, and
minimize common-mode noise through electromagnetic coupling. The low-pass filter rejects harmonic
content from the output signal. The RF coupler detects transmitted power levels from a power amplifier

(PA) or transceiver. Directional RF couplers based on quarter-wavelength sections of coupled
striplines use edge coupling between adjacent transmission lines, and are especially well-suited for Lower

power (18?3 304 ) gpp ca iong 16 senSe and control forward ralrrlﬁﬂnfft%\éopower. ijtygi%aﬁo&v?gower RF
coupler circdit majuedntdinea frace (indectdi), tapacitoradied resistopforkacombinatien @f imductive
coupling and capacitive coupling to_achieve direc iv'tx. However, these. co nents offer relatively low
directivity and éggpl%nxégrsﬁrge%negrfﬁg.%gru& o%nrgter%gép%ng\flers%eg%ﬂ& or Blc%Bo'E)%?r}?s, the RF coupler may
contain multi-layer bro&dside<calplet |kesiplacetiintthe owputistageofithe pewercamplifiercExternal
environmental factors.ean. result in significant changes inyanienng jmpedancg, resulting in mismatches
and reflected power which reduces directivity. Summary of the Invention A need exists for a high
directivityCRFoplers apddPDsfor AdditiohaloRE sigial prowessipg. Aeedrdirdly A drecsiibediment, the
present ipyentionsis a sermicopducterdie comprising asubstrate.and REcounlerfoyned over the

substrate. The RF coupler includes a first conductive trace having a first end coupled to a first terminal of

the semiéatitRictordevicks anfixeephd ehd coupfdt foca eRédit AbdE diftFa I8edr¢ Eofdttive trace

having a fitst gndicoupled Té)m%§§gqnqj1§érrgqag@fm@sg@i@myg%@e}g};eﬂpg%gg@qﬁ@gd £oupledto a
third terminal of the semiconductor device. The first conductive trace is placed in proximity to a first

portion of the decontl CONAUBIRCRESe T4 foW-pags fiftér i ¥6rmied Bverthe 'Sibstrated 2e8econd portion of

the secong ganductiveitriace opeIalesHAs a siredihsempanent ofghelowpass fiteesses mdf another
embodiment, the present invention is a semiconductor die comprising a substrate and RF coupler formed

over the §G58trate *The RELCSUMRIShOK eS8 WifitSt EGHULREGE tratE haVing'd first enftdupted o a first
terminal efithergerycentducter deviea,andrsecondienceeupled ta asircuitaoge cand arsgcond conductive
trace havingca first.end coupled to a second terminal of the semiconductor device, and second end
coupled {875 fHirtFteFminal of the semiconductor device. The first conductive trace is placed in proximity to
a first portion of the segond aerdugiive trates Antialumn dRitorme dnoyen the-substrate 1A second portion of

the second c nductir\l/e trace 0 er%tes as a circuit comp nent of the balun. In another
. r?%Hce %ghereﬁér ormance S%@l%o §uctor evices Ipcr%?ﬁis 1ln
embodimeént, the present invention is a semiconductor die comprising a substrate an coupler formed

over the substrate cElef RErcoupderaacludes adirstogdnicictive traceé dravingoa first end coupled to a first

terminal of the semlﬁgndc%cégr device anom gec%ndoconducctlve tr cehhavklln a flrstee(yd coulpled toa

compo are. capa era n a 1 sSpe S. . n .
second termlﬁalnc?ﬂ e semlcon(fuctor (fewce. e first COI’]dlUC(tj’IVG race?s P ace]a In proximity to a first

portion ohthehseCoadwanductivetrace. tA mtegratethpassiver device 1sformechoverEhe substrate. A
Zi\cli:”ed portion ol the secand congyctive race aperajes,ag acircyit component of the integrated passive
. often contained within the semiconductor device. Examples of
IPDs include resistors, capacitors, and inductors. A typical RF
system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.
Baluns (balanced and unbalanced), low-pass filters,
and RF couplers are important components in wireless
communication systems. The balun suppresses electrical noise,
change impedance, and minimize common-mode noise through

electromagnetic coupling. The low-pass filter rejects harmonic

content from the output signal. The RF coupler detects



In another embodiment, the present invention is a method of forming a semiconductor die comprising the
steps of providing a substrate, and forming an RF coupler over the substrate by forming a first conductive
trace having a first end coupled to a first terminal of the semiconductor device, and forming a second
conductive trace having a first end coupled to a second terminal of the semiconductor device. The first
conductive trace is placed in proximity to a first portion of the second conductive trace. An integrated
passive dtervcjjcnesis .f%rm d over the subs&rgtef A second Q]ortion Hgf iheﬁeconpp%gndoulptive trace operates as

a circuit compoﬁneln %? & ng:ra%eedvpe)assivé: deévice PBriet Déasgrlpjtion%]f the Drawings FIG. 1
illustrates a RCB svithedifferent types of packages mounted to its surface; FIGs. 2a-2c illustrate
further detail of the repesenialys, semicenduc(os pagkages MoURIeA 008 PCR <1 op g FIC. S
illustrates a semiconductor package containing an integrated passw% evice; FIG. 4 illustrates a

wireless esmmiumication systam svithsintegratedeRF cotpled anddowrpaissdilier torrected to power
an“ﬂmerQ@g&%ﬁﬁ%eW?gnsmission lines, and are especially well-suited for

lower power (10 to 30dB) applications to sense and control
forward transmitted power. A typical low-power RF coupler
circuit may contain a trace (inductor), capacitor, and resistor
for a combination of inductive coupling and capacitive coupling
to achieve directivity. However, these components offer
relatively low directivity and coupling strength. For stronger
coupling, especially for 3dB hybrids, the RF coupler may contain
multi-layer broadside-coupled lines placed in the output stage
of the power amplifier. External environmental factors can
result in significant changes in antenna impedance, resulting in

mismatches and reflected power which reduces directivity.
Summary of the Invention

A need exists for a high directivity RF couplers and
IPDs for additional RF signal processing. Accordingly, in one
embodiment, the present invention is a semiconductor die
comprising a substrate and RF coupler formed over the substrate.
The RF coupler includes a first conductive trace having a first
end coupled to a first terminal of the semiconductor device, and
second end coupled to a circuit node, and a second conductive
trace having a first end coupled to a second terminal of the
semiconductor device, and second end coupled to a third terminal
of the semiconductor device. The first conductive trace 1is

placed in proximity to a first portion of the second conductive



FIG. 5 illustrates further detail of the integrated RF coupler and low-pass filter; FIG. 6 illustrates
a physical circuit layout of the integrated RF coupler and low-pass filter; FIG. 7 illustrates a
schematic circuit diagram of the Low-pass filter; FIG. 8 is a graph of insertion loss and rejection
loss versus frequency for the integrated RF coupler and low-pass filter; FIG. 9 is a graph of directivity,
forward coupling, and backward coupling versus frequency for the integrated RF coupler and low-pass
O BT Ty LS SOmPuIGRlo YL g R goupleran
second portion of the second conductive trace operates as a
circuit component of the low-pass filter.
In another embodiment, the present invention is a
semiconductor die comprising a substrate and RF coupler formed
over the substrate. The RF coupler includes a first conductive
trace having a first end coupled to a first terminal of the
semiconductor device, and second end coupled to a circuit node,
and a second conductive trace having a first end coupled to a
second terminal of the semiconductor device, and second end
coupled to a third terminal of the semiconductor device. The
first conductive trace is placed in proximity to a first portion
of the second conductive trace. A balun is formed over the
substrate. A second portion of the second conductive trace
operates as a circuit component of the balun.
In another embodiment, the present invention is a
semiconductor die comprising a substrate and RF coupler formed
over the substrate. The RF coupler includes a first conductive
trace having a first end coupled to a first terminal of the
semiconductor device, and a second conductive trace having a
first end coupled to a second terminal of the semiconductor
device. The first conductive trace is placed in proximity to a
first portion of the second conductive trace. An integrated
passive device is formed over the substrate. A second portion
of the second conductive trace operates as a circuit component
of the integrated passive device.
In another embodiment, the present invention is a
method of forming a semiconductor die comprising the steps of
providing a substrate, and forming an RF coupler over the

substrate by forming a first conductive trace having a first end



FIG. 11 illustrates further detail of the integrated RF coupler and balun; FIG. 12 illustrates a
physical circuit layout of the integrated RF coupler and balun; FIG. 13 illustrates a schematic circuit
diagram of the balun; FIG. 14 is a graph of insertion loss, rejection loss, and common mode
rejection versus frequency for the integrated RF coupler and balun; and FIG. 15 is a graph of
directivity, forward coupling, and backward coupling versus frequency for the integrated RF coupler and

balun. DetaileqLD scription_of thg I:%rawin S The present invention is,described indone or more
. co%? eﬁ %o a fir Srml’ %% OF the eﬂl%onduc or dﬁthe an
embodiments in the following description with reference to the figures, in which lIke humerals represent

the sameforrsimilar elessents AWhile dhe niveatiom éscdescribeadn derms ef:-thertse st mude=fdr achieving the
invention.s ghieeives, Lyl be appredgted iy hose sllledn ine ardnal ipjsiniended to cover
alternatives, modifications, and equivalents as may be include within the spirit and scope of the invention
as defineddyydthetappendedctaims andithedr équivalestsrastsupportedisyrthe folbewihgrdisdlosure and
(“aWWQSthe second conductive trace. An integrated passive device is

formed over the substrate. A second portion of the second

conductive trace operates as a circuit component of the

integrated passive device.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIG. 3 illustrates a semiconductor package containing
an integrated passive device;

FIG. 4 illustrates a wireless communication system
with integrated RF coupler and low-pass filter connected to
power amplifier and transceiver;

FIG. 5 illustrates further detail of the integrated RF
coupler and low-pass filter;

FIG. 6 illustrates a physical circuit layout of the
integrated RF coupler and low-pass filter;

FIG. 7 illustrates a schematic circuit diagram of the
low-pass filter;

FIG. 8 is a graph of insertion loss and rejection loss
versus frequency for the integrated RF coupler and low-pass
filter;

FIG. 9 is a graph of directivity, forward coupling,



Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors and diodes, have the ability to control the flow of
electrical curregt. Passive electrical comgonents such as cap%citor% inductgrs re%isg)r nd

and bac war%ecou 1%% VETr SUS fre%%?nc% or The inte r? e . L
transformers, create a relationship between voltage current necessary to perform electrical circuit
functionscoupler Passivé @ndractive Tohiponents are formed over the surface of the semiconductor
wafer by a series of pracess s{gps induding doing, depasitian, phalpliinoaraphy, etehing. gnd
planarization. Doping infroduces impurities into the semiconductor material by tec nld]ues such as ion
implantatior-or thetmakdiffegioRl The wepig prodeds modifiesthedlectrical coriderctivity of semiconductor

material ign%ciiﬁ devicestransforming the semiconductor material into an insulator, conductor, or
dynamically changing the semiconductor material conductivity in response to an electric field or base

current. Transistors cohitdn rdgions b ¢dryinectypés ahbl e gredsafldsping afrahged @saiereéssary to
enable the-transisioLto promqele Qr festrict the flow of electrical current upon the application of the electric
field or base current. Active and passive components are formed by layers of materials with

different electrical propeHfes. Thellayérstcamtises fornield5y & varied e epositivpiechitiqliés determined

in part by;thedype of material heing-depositeds For example, thin film deposition may involve chemical
vapor deposition (CVD), physical vaior deposition (PVD), electrolytic plating, and electroless plating

processes. Each layer'id §endrally pattefriedt®Fofim Horfditafactive Contpshents Fassive defnponents,
or electriga) c@hnections between components. The layers can be patterned using
photolithography, which involves the deposition of light sensitive material, e.g., photoresist, over the layer
to be patterned. A pattéifis trahsteiréd FHAPA phdtoMEskK tothB pHotstesist dsing light. & portion of
the photarasistpatiern subiected te:lightds remeved usinguselvents expasiag petions-afdbe rinderlying
layer to be patterned. The remainder of the photoresist is removed, leaving behind a patterned layer.
Alternatively orte f/pes’st hidtéridiire patterned by directly depositing the material into the areas or
voids formed by a previaus. deposittordetghaqisacess dsing techniques suchwas electrolessrand electrolytic
plating. Depositing a thin film of material over an existi ttern can exaggerate the underlying
pattern aﬁa%rgﬁgﬁgwﬁgﬁuﬁﬁ&pm ﬂl%t Surtace &O ani ur(?”nq)(f ¥Ia£ é%ﬁr)%éeeislr%gﬁl é:(g % Bﬁo% uce smaller and
more denselyppackethactiveland. passive components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface. Planarization involves polishing the surface
of the wafer with a polishing pad. An abrasive material and corrosive chemical are added to the surface of
the wafer during polishing. TRetambasePeechapicabactoh dfltee Ribaasingand corrosive action of the
chemical removes any irregular topography, resulting in a uniformly flat surface. Back-end manufacturing

refers to cutting or The present invention is described in one or more

embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the

following disclosure and drawings.



singulating the finished wafer into the individual die and then packaging the die for structural support and
environmental isolation. To singulate the die, the wafer is scored and broken along non-functional regions
of the wafer called saw streets or scribes. The wafer is singulated using a laser cutting tool or saw blade.
After singulation, the individual die are mounted to a package substrate that Includes pins or contact pads
for interconnection with other system components. Contact pads formed over the semiconductor die are
then connected to contact Qa%% (\évliltg%notrhe C{)ea\gkgge. 'I(;lhee eleecrtlriecral fgnn%ctioygacc n t%ee g1adseivr\{ith solder
bumps, stud bumps, conductive paste, or wirebonds AR e%capsualantyor sther mo éﬁng materialis
deposited overctherpackage 1o pravide physipalsuppeetsand electricahisolations Fhe dinishedgatkage is
then Insefed intg,an slelical.system;and Ine funclignality o he-sepicondyglor deyice js,made available
to the other system components. " FIG. 1 illustrates electronic device 50\f1aving a chip carrier
substrateforrpririted eiredit borrd((RGB)Y-52 afithchl plueality bf semicondactof packages mounted on its
surface. Electronic device 50, may, have:gne type.of semiganductor. package; ot multinle tynes of
semiconductor packages, depending on the application. The different types of semiconductor packages
are showpdA FGe 19oeptirposes of fluswatert.s, whiElechonicde@dte 50ay be anstandedone system
that uses.the sepjcenductarpackages to peHgrm one grsmare elecyicalfunctions. Altenatively,
electronic device 50 may be a subcomponent of a larger system. For example, electronic device 50 may
be a grapHiE®ea hemwstk Fhterface Tard oriothér sigfalpreeessind edrl thatcar beifgertéd into a
computer. J;hesemicqrdugtar,pagkage-can-nclide- microprocessgts; MMemeries,appligation specific
integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices, or other
semicondiitBCdie Ur BletHEAl COPPGHEMES EOT S, JREICE R PCBISS providey a gferal substrate for

structurak-supporband electrical intercanpectof the semicondugterpackages maunted gpthe PCB.
Conductive signal traces 54 are formed over a surface or within layers of PCB 52 using evaporation,

electrolyftepIafing "eleétrolBsS pREHg L& EER brintinG 1o dther Suitibie HiEtal deposition process. Signal

traces 54 provide for efegtical eommaunicationsbetweenreachofdhe seprigendusterpackages, mounted
components, and other external system components. Traces 54 alsp provide power and ground

connecticHE {o?S5ch 0t thBSeffifordUEis Fackalas e™ ©Y Anomé dnfbodith&fis® 8 sehmESnductor
device hasstwaipackaging tevels. firsblevel packagingisa technicuefor mechanically and electrically
semiconductor di$ to an int.ermed(iflte carrier. Sec%nd level aclgaafgéng involves mechanically

Zggcer}g]c%fggﬁlf 3’::1tjtazc%t|r%éD the intSietiate carfier (o the PEB h other & ddiments, a semiconductor
device mayrohhhave-therfinstleseli pdckagingewherssthedie ismeghanically apd etecitidally meunted
dHECﬂyU%Hg%ﬁgP'diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.
Active and passive components are formed by layers of
materials with different electrical properties. The layers can

be formed by a variety of deposition techniques determined in

part by the type of material being deposited. For example, thin



For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MCM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of

semicon or packages,. configured with-any cgmbinatign of first and second level aging styles, as
vl 25 oo Lo S Boi e, Lo L Sorhattea 10 PEE . e e o b electromc
device 5@ nchidesla singterattachesisemicon@ucior padkager; while iotherlernbodimentst call for multiple
interconneefgecdcg%c:ﬁ(éagses. %gtcgrrlnbir%ig CogsesoersmoreE%ecrHic?ngcr:toriQa léerl%ersa c\szer a single substrate,
manufacturers can incorporate prg- ade components into elettronic devices an gystems. Because the
semiconductorepackages idclude soptiisticeted furrctiondtlitys efeetronictdevicessearnvibe manufactured
using cheaner components and a stieamlined panutactyring progess, The fesylting devices are less
likely to fail and less expensive to manufacture resulting in a lower cost for consumers. FIGs.
2a-2¢ show exemplarylSenitenguciocpackageBaFIG 2eiflusiates foikércddthit of DB/ mounted on
PCB 52. Semigondyctardie 74 jncludss an-active segipn gontaining analeg e digitalgircuits implemented
as active devices, passive devices, conductive layers, and dielectric layers formed within the die and are
electricalBfifiteté6riietied avesrdintftolthEeledtfcaltefin 6 thedie. PorkeXahfile, the circuit may

include ope o meretransistars, diqdes: inguectors capacitgrs, fesistors,randsqthgr eirepitelements formed
within the active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive

material, S88h Beddmihumt (ALY copperiE it (SR hicke! AN}, IGtd ¢Au): or ST (ALY, and are
electricallygonnegtacstoihe Lirsyit elerents;fpwaed within-samicongddctor die; Ahuking gssembly of DIP
64, semiconductor die 74 is mounted to an intermediate _carrier 78 using a gold-silicon eutectic layer or

adhesive¥ferial Sudifa® ferfiidl @Poxy. Fhife patidayed5ddy ihcludBsnIhSaiGtive padkaging material

such as palyneear; cerasrie ngonductarleads SOranchwire hopds 82 provisderelectrieakinterearnect
between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the package for
environmFEAl br6echE BY Haveriiie MBSl SArCILS Hor brikriig the HACKRGE and
contaminating tiea74 o wirechends-82s or vdAl&s 2bdiustcatey furtherdetailef BCC 62 mounted on
PCB 52.%§miconduct0/ ie§8 is mounted over c%rrier 90 using an underfill ar eé)toxx-lresin adhgsive
material 82 3Wire bonds 94 pro@irq%cﬁrgfc’ Iel\llgllﬁléqckinechnrfelr%%%neg’tUt?e weén contact pa%g’ 96" 4and 98.
Molding edrapaurnd gt éncapsutantd 00 is deposited over semiconductor die 88 and wire bonds 94 to
provide physical suppart, ag% e]cecrtlrica‘,llisf Ialtirg)nffoi I%heoge\gg%eq::ogtfct Q%q:s %1912 are fsqcrrinrtlad over a
surface of PCB 52 using 5 Suitaple éta eposnllon process Such as eciectrolytlc pféﬁng or electroless
plating togpreventroxidaticrx Sontact padsik) L ardeeléetricallyedrirected tolorne ©p htore conductive signal

gf‘;%SBE’g%iﬂiF%%%\?Ey Bpmps 104 are formeg bhetween, coptact pads 98:0f BCG 62 and, gontact pads 102
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a

uniformly flat surface.

Back-end manufacturing refers to cutting or



In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the circuit may Include one or more transistors,
diodes, Inductors, capacitors, resistors, and other circuit elements within active region 108.
Semiconductor die 58 is electrically. and mechanically connected ta carrier 106 through.bumps 110. BGA
60 is e|e§[ﬁ8§ﬂ§/9§r?dl %%ceﬁgﬁicgﬁ%grr%ﬁgctgg %%C}é% V%Ehe alélt%/&\gfﬁgas]%cgﬁg Iea\%é?p%glggging using
bumps 1b2.3emicopduttor diee58 is-electrically cennected to tonducte sigraliiraces 54 in PCB 52
through bumgs, 119, sionaldines ddd and Bumps,442. A molding compound or encapsulani idgis
deposnecjf over semiconductor die’58 and carrier 106 to provide physical support and electrical isolation
for the devcend hecttip Thipcsemicahduetor device provides afshoricelédidabeondiiction patlefrom the
active deyicge,on.semigpadyglecdie; s o cendurtion tacks on.PGB A2 narden o, edyge signa
propagation distance, lower capacitance, and improve overall circuit performance. In another
embodiment, the aéfmicorfdlictar dié BBCantbe mechfically and&lectrically cormerteahdirsttlyto PCB 52
using flip.chip, style first |avel packaging withutiptermediate caprier 106, . ,aqRefgling to FIG. 3,
semiconductor die or package 120 is shown, in relation'to FIGs. 1 and 2a-2c, as having a semiconductor
substratel TZ2 fizefe Rttt Abase rhaterial SicP ES SHtoR P91) CgéerftahiumCgalfiafmtarsefitle (GaAs), glass,

low temperatiee;cosficad egramie (i TeGH REBrokather bulksamicopductor material forstpyctural
support. An active region 124 is formed over the top surface of semiconductor substrate 122. Active

region 1RPEGHtYinsaNaIdd 6r BigftaPGreuits TRpIeti&ited beaktive et icesOpassivd dBficBe onductive
Layers, apdidielestricdayeysfgamed withinthe-die angrelectrically intereennegsted acepksigsto the
electrical design and function of the die. For example, the circuit may include one or more transistors,

diodes, ahl RREAERUESIEMRRtLIOMTE ARt e BethRFdifrtack ofthB Ui I npI&fTent BRalog circuits

or digital sieuitsy Setnicppductaedienk?? also contain pnenidnered PBsi such asdhiadimrinductors,
capacitors, and resistors, for RF signal processing. Active region 124 occupies about 5-10% of the overall
thickness 6 hdight RLSH sERfCSRIUCtor B 1201 i S ShbbGGAt, sErrOnticioh oié 126 booupies an
area 3.2 millimeters{mm)hy 221mby. Semichaddetar dienti2(>cam beelecidcally earnected to other
devices usingbgiggtji , E)ongk\l/virest or Intercanecthins. N Semiconductor devices containing a
plurality ot iPDscan be tsed in ﬁigﬁef}:eqs %c?%ppﬁ@ﬁ%%%?s&dh as microwave radar,
telecommunications, wirefessltranisteivers, tedectrdric switches, dadiathebdeviees perfarmingRF
electrical ggncrti.ogrs. ;’FQE Ilgggtpero%ige the r(?Jceé:élriccal rc(r:\gri ct%r(ijstic%f rpg uitg?n%tiof S sauch as baluns,
resonators, 1fuglh-pass ilters, Iow-pasgﬁlf'ers, bandl-pass |Itersa(§ F), symmetric q& resonant
transfornrers rmatching hetyworks, RE cotiplers; andatuamgreapacidrse or exampie, dbe IPDs can be used
as front enfliieless RFcompgnents, whign.ean by posijened pelygan e anienna and ransceiver. The
wireless application can be a cellular phgne using multipﬁ/a band operation, such as wideband code
division multipleldccess (WCERMA) banes (POSIUMT dowpand gistal systeanmobile contrhenication

«BSM)b%&@ﬁqgﬂéq@Aﬁghkhe different types of semiconductor packages are

shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a

computer. The semiconductor package can include
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In a wireless communication system, the balun suppresses electrical noise, changes Impedance, and
minimizes common-mode noise through electromagnetic coupling. In some applications, multiple baluns
are formed over a common substrate, allowing multi-band operation. For example, two or more baluns
are used in a quad-band for mobile phones or other GSM communications, each balun dedicated for a
frequency band of operation of the quad-band device. A low-pass filter can be used to reject harmonic
content i?n Ehcergutggt giggglf The Ré'r:n cgtljglser dgtec}s:L tra §mittesd Row rilgvglgtfrorg a poyver amplifier

(PA) or transceiver. A typlcalefnsys?em reduir&jmuﬁlp e PDSand other hlgh?r%quency circuits in one or
more semicondudter packayes tbperformitheunecessayxlectricalfundtions. RE cir &G4 lllustrates a
wireless cquication systern 126 using.an RE infegrated cieult RFIC) 128, BFIC 128 contains
directional RF coupler and common low-pass filter as IPDs Integrated on substrate 122 of a single
semicondugtercdiert2®. RFIC 128 is coupled to PA and transceiver 130. PA and transceiver 130 amplifies
the RF signal for transmissign.and ,re(ied'\ée gtf %gg%lﬁ(j{rélgulléd%@g)é,r%qd filter and cqonditign the signals for

further processing. RFIC 128 is a 3-port device. Terminal 132 is connected to PA and transceiver 130;
terminal $34 i5°& Single-ended powerdufpletermital 136 isacouphing oatbut fsr detecting transmitter

Power. sqmy cEytherdetal OE RELC 12845 showndp RIG. Spuith capagiten 140 coupled hetween terminal

134 and terminal 136. Signal trace or Inductor 142 is coupled between terminal 134 and circuit node 144.
Coupler fFac6FInelticfor 44695 B8 tpledieted témifialr32vakd teymindleE3s. TheHRE codpler circuit

detects transmitted,pewek thrgugh inductive eoupling.and ¢apacitivie ceuplingetyegn signal trace 142
and coupler trace 146. Capacitor 148 is coupled between terminal 132 and circuit node 144. A thin film

resistor 15048 Bupletetiveéen Circhit hBe 144 tE L §rotRbermiRaP $52 IRBI P 128 fiirther contains

Low-pass; filter-commepanitnsgoypler trace £46. Ehe low-pass filterprovideswadditionad RE-signal
processing without consuming significant area or degrading directivity. FIG. 6 shows a physical

circuit layott of REICA28SREgratediR BEmAR far P it tor P edifithon dutistrate £22 3f Semiconductor
die 120. bemmrinaklk34bisrcoupisdtoea firsignen ehsignal trace-242.5A4 secend gndof signabtrage 142 is
coupled to circuit node 144. Terminal 136 is coupled to a first end of coupler trace 146. A second end of
coupler 128 e EOuUpEY o Terminal ’i@z%@%fﬁa&&ﬂf FBIERAE T Eidse PhySRAFSroximity along a
portion of coupler tracer 246,0eng., dmaten héd A vdere signal racel 142 andzoupler trace 4@mare separated
clirrgr?,betwe?n signal trace 142

by about 10 ricrameters (pr). The magnetig coupling and capaciive coupling beta
and coupﬁ)er race 146 inarea 147 provides a flexibke coupﬁng %trengﬁ]. igha race 142 and coupler
trace 1l46reambave alrégtangdlas, palygadra 1anciscutardoim @r shape calbioui@pm trowidihe to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on

PCB 52. Depending upon the system requirements, any combination
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Signal trace 142 and coupler trace 146 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Signal trace 142 and coupler trace 146 are formed using
evaporation, sputtering, PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal
deposition process. Capacitor 140 is coupled between terminal 134 and terminal 136. Capacitor
148 is coupled between circuit node 144 and terminal 132. Resistor strip 150 is coupled between circuit

node 144O%n% g{nczlucng tg&@j&?} 15.2_1. g%%]%citor(s: 1&9 .anlgrleAaB ‘(A:]alr%ge Impltacng%(%t{edaatsit%o %rPaller-value
capacitors connected In Series as sHown for better toferance dunng?ﬁéj manu a&urlng process.
Capacitorsi 140 andd 48earerimplementedausing arthinsfiimldielectric. Whélthmsfilotimaterial Increases

capacita nsitI){. he v Ita% ross cap itor 140 is differen fr]_9 the volt Cross capacitor 148.
By appro%c?ilag(tge%geﬁecltllonggf% gaopa%ﬁgﬁée va ugjé orcgjanp%%lct%%glfé angbm , thear%e‘a%eéo%%the combined
electricalcoopiing & gimilae ictherphase oftiie eragrieticrcoupling. As afregdle capaeittrsdl40 and 148

Increase digactivity forthe RE coupling glrcuit 142-146 ta.ayalug areater than 20dB. Gapacitgrs 140 and
148 provide greater degrees of freedom in the design of the RF coupler. Capacitors 140 and 148

also provide-elecrosRde eischafde (ESD) pRifectiihfon RIICIPS. The'PSB rébistAesst icthir-film
materials can be obtained by, usingjnductiveshunt protection:across yuinerable capacitors, Most of the

energy in an ESD event is concentrated at low frequency, for which inductors in the nano-Henry range
are effecBVély BRER cielRLR TS mdyrretitaR~Eauled cirelit Sathacpatitsispiotected by a

low-valuesghuntdadystar toinerease febusingss 1 ESD. i nc1 ua KRRG-S pravidesan additional IPD

function, in this case a common low-pass filter, in a compact footprint with the RF coupler circuit. The
low-passHifter Eitelitfuhtlion KLierRhte FRith S5orfieR oPtotipier fracé 146 THAL S %the portion of

coupler tracekb6-outsidleareal4 7eperatesasa sirewit gompanent-of the lowpassdilter. Thus coupler
trace 146 serves a common role as RF signal coupler (portion of coupler trace 146 in area 147) and

low-passTiiter torpBnefRt fotforfofcoupler tace 146 bitside: ared 47 The oW pARS YiteF Slso has
capacitormtbd.ceupled between thenfiyst and of eauplectbace 146 andibearseeand end of coupler trace

146, capacitor 156 coupled between terminal 136 and ground terminal 158, and capacitor 160 coupled
between terminal 132 i grourfl tefmiiar 165 <SP L 4 H & SF i L BEhEhitic Répre8élitation of low-pass
filter 164 pwith codplel trase d46andreapacitorsits4, 1156, and 160, fomadditieral KE sigpalsrocessing,
SUChas%ﬂg%@gé)gg'ggm.ﬁgmﬁpqgé %8ggnggmgg'ive region containing analog

or digital circuits implemented as active devices, passive

devices, conductive layers, and dielectric layers formed within

the die and are electrically interconnected according to the

electrical design of the die. For example, the circuit may

include one or more transistors, diodes, inductors, capacitors,

resistors, and other circuit elements formed within the active

region of semiconductor die 74. Contact pads 76 are one or more

layers of conductive material, such as aluminum (Al), copper

(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are

electrically connected to the circuit elements formed within

semiconductor die 74. During assembly of DIP 64, semiconductor

die 74 is mounted to an intermediate carrier 78 using a gold-

silicon eutectic layer or adhesive material such as thermal

epoxy. The package body includes an insulative packaging
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FIG. 8 is a waveform plot of the low-pass filter electrical response for a DOS band IPD
(1710MHz-1980MHz). Plot 170 is insertion loss between terminal 132 and terminal 136; plot 172 is return
loss of terminal 136. FIG. 9 is a waveform plot of the RF coupler electrical response for the DOS
band IPD. Plot 174 is directivity as the power between terminal 134 and terminal 136 less the power
between terminal 134 and terminal 132; plot 176 is forward coupling between terminal 136 and terminal
134; plot r%a@e@ ngkvg%rcqlcousplin ber%Vé/%en terminal 132 an ter dn Iolr34l ad 86:IG. éo lllustrates a
wireless communication sys?em% byusmg REICT8Z RFIC 187 Contains a directional RF coupler and
commonbahm & iRDBs ftegrated 0a stbstratei 122 ofia sigle semiwondectorelie 120. RFIC 182 is
coupled to PA ﬁ ransceiver 184., PA nsceiver 184 amplifies the RF signal for fransmission and
receive RSFGQ@%I S%H%nﬁl?]éugle% gr%d ﬁﬁ?ac{r]dgrtlg csgcnfditioné the @ﬁ%ﬂ% Er gﬁhleg g@?ge%ésﬁn%é] he RF
coupler detects the levetstipansmitted powerfrom PAl apd draasteiver 184 . IREG182 isJa 4-port device.
Terminals, 166 anc.L144,are dffecenfial pods gomngaled g PA and [apseelvey484; terminal 190 s a

single-ended power output; terminal 192 is a coupling output for detecting transmitter power.

Further detditéfRRIC 182 iisifowrt irPFIQ iewhh ihal race or Inductor 196 coupled between terminal
190 and circuit node 198..Capagitor 200:is coupled between terminal 192 and- citeuit node 198. Capacitor

202 is coupled between terminal 186 and circuit node 198. A thin film resistor 204 is coupled between
circuit nodle 18Parf grouperteAAiMAr 206 Codsler fraéd of Mithictst Z06SE coupletEBetween terminal 192

and groupd fermipal 210y Jihei R coupler Sirguit detgets transmitted-pewer; throygh ingpctive coupling
and capacitive coupling between signal trace 196 and coupler trace 208. RFIC 182 further contains a
balun coffistewittt cBtpiet fracé 208t The HaluPprotvides dddificiat REESignaFpreeessing without

consuming sigaficaptareacy dagradiag dingstivitthg compdiled 13:shemwsaphysieal cirgyit layout of
RFIC 182 Integrated in a small form factor on common substrate 122 of semiconductor die 120. Terminal

190 is colpRAto EfirsPER of SiyhaPides 198, Asachid Bhd df SighaP frade 196 i5 Lobplet td Tircuit

node 198§ Hesminal 19249 6oupleddo aufirstend of cauplertrace 268 A sesond end«of coupler trace 208
is coupled to ground te(gminal 210. Signal trace 196 is placed in close rﬁysical groximity along a portion of
coupler tfatB 708 e85 i aras 213 witerdSighaitrace 198 4R Goddlef trace 208 5t8 Leparated by
about 10 pm.tEre magaetc caupling and capacitives eouplirly ketwees stgnal yrace 196aanidcheoupler trace
208 in areas 2]11%3{9_»\”9%552 flexible couQI(anggstren th. %ggg!at{%ce 1968ngtcacl)ggler téace %028 can have a

rectanguf?a?, f)eo ygonacf, Sr-Girdutat fof of 3h 6$,Va Sut pm in widt. Slg(ﬁal fface 166 an coupler trace

208 can be ene oz amaredayerg af Alp€uL8n, Ni At Agy or other suitablecalecteicallyyeeriductive material.
o Do 205 0T L300 PRI, M, R, CY o
98 of BCC 62 and contact pads 102 of PCB 52.
In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and

mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to

-13-



Capacitor 200 is coupled between terminal 192 and signal trace 196. Capacitor 202 is coupled between

the second end of signal trace 196 (circuit node 198) and trace 212, which is connected to terminal 186.

Resistor strip 204 is coupled between the second end of signal trace 196 (circuit node 198) and ground

terminal 206. Capacitors 200 and 202 can be Implemented as two smaller-value capacitors connected in
series as shown for better tolerance during the manufacturing process. Capacitors 200 and 202 are

Impleme ing a thin-film dielectric. The thin-film material Increases capacitance density, The voltage
across ca%pt)ga]gjci??)sré 2%6 Fstﬂ di?fe%]eer%i frsot 5fhee Vol éjgneda([:lrr]%\sfg %aggé:&{oar%f B@Sgpnp(%g@ﬁg}gsse?eéibn of
capacitarfcenaloes! fortcapaditers3200iane 262 ttheqhiabe of the eolbinetbelectritabtaupting is similar to
the phas% 0 helm gnggc chdei.nIg.ﬁéBa gezsu%thca %tokrjs 200 and 202 Incre eldirecéiviﬁ Qor the RF
coupling cir éll? 19£, 208 fo a value greater than 58?1% CaBagitors g%zb asnldgfg?prolv?c?e greatér degrees
of freedopnith therdesighléf-the/RFeddples compouwapavitors2e0 and202 dlsé pievide ESD protection

for RFIC 182, The ESD rohusiness ip fhin-fim materials can be abfained bygysing indugtive, shunt

protection across vulnerable capacitors. Most of the energy in an ESD event is concentrated at low
frequencyfof Which midbers irthé o= Henparanbecdre teffeetifely shbft chevitsan thédhe

magnetically;coupled clrghit-8ach,capacitor is; protegted by alow-yalye shunt induetor {o Increase

robustness to ESD. RFIC 182 provides an additional IPD function, in this case a common balun,
in a compactdsstpiintwih the RFEOSoUpIEr dieuity Fhe daiuttRinefior ihislefientetrwith @ pottion of

coupler trace 20&; Jhat isy the-pertion of couples fracg 208utsids %@é%@élém?ﬁ%t@s as a circuit
component of the balun. Thus, coupler trace 208 serves a common role as RF signal coupler (portion of

coupler tRICBZZIEih1£Bas 21 ARG bakf'EdmBERat (pBRioRr of TotiplePRIACE2087 60 Rite areas 211).

The balup alsa;has race glAhaving a first engdraoupleddedermingt ,186.ands seconchend egupled to
ground terminal 214, and trace 216 havin%a first end coupled to terminal 188 and a second end coupled

to groundtetmital 212, Pradks B8 2421 d¥d 218 die SWound and & woven t6 ExAidinbtual inductive

propertiesoThe pakm alsa has £apacitorid20sequpled betveean-teeminad d92anegreund derminal 210,
capacitor 222 coupled between terminal 186 and ground terminal 214, and capacitor 224 coupled

between t&hiRAISTBE 4d GRdund termital 214.

Referring to FIG. 3, semiconductor die or package 120
is shown, in relation to FIGs. 1 and 2a-2c, as having a
semiconductor substrate 122 made with a base material such as
silicon (Si), germanium, gallium arsenide (GaAs), glass, low
temperature co-fired ceramic (LTCC), PCB, or other bulk
semiconductor material for structural support. An active region
124 is formed over the top surface of semiconductor substrate
122. Active region 124 contains analog or digital circuits
implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design
and function of the die. For example, the circuit may include
one or more transistors, diodes, and other circuit elements
formed within the active surface of the die to implement analog
circuits or digital circuits. Semiconductor die 122 also

contain one or more IPDs, such as thin film inductors,
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FIG. 13 is a schematic representation of balun 226, with traces 208, 212, and 216 and capacitors 220,
222, and 224, for additional RF signal processing, such as suppressing electrical noise, change
impedance, and minimize common-mode noise through electromagnetic coupling. The arrows illustrate
mutual inductance between traces 208, 212, and 216. FIG. 14 is a waveform plot of the electrical
response of the balun for a GSM band (824MHz-915MHz). Plot 230 is insertion loss between terminal
192 and term;lréal 1§]§éplot f2§8 risé geltgrcn loss o é%rnﬁgalslg%;l ﬂot 2]_;%4 ig gommon nAoCdEeirveéection between
terminal f&fan(]:l%ermlhala . F1&’ 159s a wavetorm pltﬁ of the electrical response of the RF
coupler forgy G3M bahdo Piot2B6ss directivity-d9 theqgowarchetweea términakk9@ and terminal 186 less

the power between. terminal 190 and terminal 192; 238 js forward ¢ ing between terminal 190 and
terminalei%%;sgl‘ot %ldt}o iosfg::Sc%(/%la(%I?:%hl|cgJ;I1|:négrb(fz%t\l/\/gee%'ét)ér'ming1 19 %n%r%e%r%iﬁrgﬁl 2. While one or
more embedinvents of therprésentlinVentionihages bean dlustratediinndetail, nthé skiled ramtisdrywill

appreciatg thap modifications, and adaptations {9 thosg embodiments may, he magde withaut departing from

the scope of the present invention as set forth in the following claims. Claims What is claimed: 1.A
semicondudierde\iae, comprisimgt flipchip, bond wires, or interconnect pins.

Semiconductor devices containing a plurality of IPDs
can be used in high frequency applications, such as microwave
radar, telecommunications, wireless transceivers, electronic
switches, and other devices performing RF electrical functions.
The IPDs provide the electrical characteristics for circuit
functions such as baluns, resonators, high-pass filters, low-
pass filters, band-pass filters (BPF), symmetric Hi-Q resonant
transformers, matching networks, RF couplers, and tuning
capacitors. For example, the IPDs can be used as front-end
wireless RF components, which can be positioned between the
antenna and transceiver. The wireless application can be a
cellular phone using multiple band operation, such as wideband
code division multiple access (WCDMA) bands (PCS, IMT, low) and
global system mobile communication (GSM) bands (low and high).

In a wireless communication system, the balun
suppresses electrical noise, changes impedance, and minimizes
common-mode noise through electromagnetic coupling. In some
applications, multiple baluns are formed over a common
substrate, allowing multi-band operation. For example, two or
more baluns are used in a quad-band for mobile phones or other
GSM communications, each balun dedicated for a frequency band of
operation of the guad-band device. A low-pass filter can be
used to reject harmonic content in the output signal. The RF

coupler detects transmitted power levels from a power amplifier
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a substrate; a radio frequency (RF) coupler formed over the substrate, the RF coupler including,
(a) a first conductive trace having a first end coupled to a first terminal of the semiconductor device, and
second end coupled to a circuit node, and (b) a second conductive trace having a first end
coupled to a second terminal of the semiconductor device, and second end coupled to a third terminal of
the semiconductor device, the first conductive trace being placed in proximity to a first portion of the

second ¢ ctive trace; and.  a low:pass filter formed over the substrate, wherein Se‘i_%!]?' portion of
the secor?(? %zn(?urcti%éatpasc%e&ﬁfeergfes é%s %%ﬁéﬁ?%o%oﬁgﬁg gﬂhé?%}p%esg fmleﬂ,%tﬁg%foew-pasg filter

includingand othdc) thiecdectndpostiory of-thecsecond iconduetivertrace,e  semic{d)aufitsbcapacitor
coupled between the sscgnd ferminghand a fowth erminal of the.samicondutor device, (©)a
second c%pacno% coup?ec?jbetween the third terminaland a ﬁﬁﬁ terminal of the semiconductor device, and
FIG. 4 illustrates a wireless communication system 126
using an RF integrated circuit (RFIC) 128. RFIC 128 contains a
directional RF coupler and common low-pass filter as IPDs
integrated on substrate 122 of a single semiconductor die 120.
RFIC 128 is coupled to PA and transceiver 130. PA and
transceiver 130 amplifies the RF signal for transmission and
receive RF signals in full-duplex, and filter and condition the
signals for further processing. RFIC 128 is a 3-port device.
Terminal 132 is connected to PA and transceiver 130; terminal
134 is a single—ended power output; terminal 136 is a coupling
output for detecting transmitter power.
Further detail of RFIC 128 is shown in FIG. 5 with
capacitor 140 coupled between terminal 134 and terminal 136.
Signal trace or inductor 142 is coupled between terminal 134 and
circuit node 144. Coupler trace or inductor 146 is coupled
between terminal 132 and terminal 136. The RF coupler circuit
detects transmitted power through inductive coupling and
capacitive coupling between signal trace 142 and coupler trace
146. Capacitor 148 is coupled between terminal 132 and circuit
node 144. A thin film resistor 150 is coupled between circuit
node 144 and ground terminal 152. RFIC 128 further contains
low—-pass filter common with coupler trace 146. The low-pass
filter provides additional RF signal processing without
consuming significant area or degrading directivity.
FIG. 6 shows a physical circuit layout of RFIC 128
integrated in a small form factor on common substrate 122 of

semiconductor die 120. Terminal 134 is coupled to a first end
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(f) a third capacitor coupled between the second terminal and third terminal of the semiconductor device.
2. The semiconductor device of claim 1, wherein the RF coupler further includes: a fourth capacitor
coupled between the first terminal and second terminal of the semiconductor device; and a fifth
capacitor coupled between the third terminal and circuit node of the semiconductor device. 3. The
semiconductor device of claim 1, further including a resistor coupled between the circuit node and a fourth
terminal_ %ffthg lserg%icior%q:uct%r q%vége. ﬂ Trele gg@iceonngug%orsdevrilcaeloftcrlai(r:n l,lglge_riesin the se_c_ond
conductive trace is wound to exhibit an' indictive property. 5. ASemiconductor dévice, comprising:

coupled to circuit node 144. Terminal 136 is coupled to a first
end of coupler trace 146. A second end of coupler trace 146 1is
coupled to terminal 132. Signal trace 142 is placed in close

physical proximity along a portion of coupler trace 146, e.g.,
in area 147 where signal trace 142 and coupler trace 146 are
separated by about 10 micrometers (um). The magnetic coupling
and capacitive coupling between signal trace 142 and coupler
trace 146 in area 147 provides a flexible coupling strength.
Signal trace 142 and coupler trace 146 can have a rectangular,
polygonal, or circular form or shape, about 8pm in width.
Signal trace 142 and coupler trace 146 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Signal trace 142 and coupler trace 146 are
formed using evaporation, sputtering, PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process.

Capacitor 140 is coupled between terminal 134 and
terminal 136. Capacitor 148 is coupled between circuit node 144
and terminal 132. Resistor strip 150 is coupled between circuit
node 144 and ground terminal 152. Capacitors 140 and 148 can be
implemented as two smaller-value capacitors connected in series
as shown for better tolerance during the manufacturing process.
Capacitors 140 and 148 are implemented using a thin-film
dielectric. The thin-film material increases capacitance
density. The voltage across capacitor 140 is different from the
voltage across capacitor 148. By appropriate selection of
capacitance values for capacitors 140 and 148, the phase of the
combined electrical coupling is similar to the phase of the

magnetic coupling. As a result, capacitors 140 and 148 increase
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a substrate; a radio frequency (RF) coupler formed over the substrate, the RF coupler including,
(a) a first conductive trace having a first end coupled to a first terminal of the semiconductor device, and
second end coupled to a circuit node, and (b) a second conductive trace having a first end coupled
to a second terminal of the semiconductor device, and second end coupled to a third terminal of the
semiconductor device, the first conductive trace being placed in proximity to a first portion of the second

conductive trace; and & balup formed over the substrate, e/vtq;eﬁti)_n g second portion of the second
the '

conductive trace opér es as a cireut co(ﬁ%%leln?%f ﬁ%erbcéjlﬁn, alun mc?uoalng, (c) the second
portion ofthessecondiconddbtife. trafepacit ¢d)sa thil contluttive trace toapleddeatween a fourth

terminal and a fifth teemipal ofithe SEMICANAUCIOL davIEe: the R coupler.

Capacitors 140 and 148 also provide electrostatic
discharge (ESD) protection for RFIC 128. The ESD robustness in
thin-film materials can be obtained by using inductive shunt
protection across vulnerable capacitors. Most of the energy in
an ESD event is concentrated at low frequency, for which
inductors in the nano-Henry range are effectively short
circuits. In the magnetically-coupled circuit, each capacitor
is protected by a low-value shunt inductor to increase
robustness to ESD.

RFIC 128 provides an additional IPD function, in this
case a common low-pass filter, in a compact footprint with the
RF coupler circuit. The low-pass filter circuit function is
implemented with a portion of coupler trace 146. That is, the
portion of coupler trace 146 outside area 147 operates as a
circuit component of the low-pass filter. Thus, coupler trace
146 serves a common role as RF signal coupler (portion of
coupler trace 146 in area 147) and low-pass filter component
(portion of coupler trace 146 outside area 147). The low-pass
filter also has capacitor 154 coupled between the first end of
coupler trace 146 and the second end of coupler trace 146,
capacitor 156 coupled between terminal 136 and ground terminal
158, and capacitor 160 coupled between terminal 132 and ground
terminal 162.

FIG. 7 is a schematic representation of low-pass
filter 164, with coupler trace 146 and capacitors 154, 156, and
160, for additional RF signal processing, such as rejection of

harmonic content in the output signal.
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(e) a fourth conductive trace coupled between a sixth terminal and the fifth terminal of the semiconductor
device; (f) a first capacitor coupled between the fourth terminal and fifth terminal of the
semiconductor device; and (g) a second capacitor coupled between the sixth terminal and the fifth
terminal of the semiconductor device. 6. The semiconductor device of claim 5, wherein the RF coupler
further includes: a third capacitor coupled between the second terminal and circuit node; and a
fourth capacitor coupl tween a fourth terminal and the circuit ngde. 7. The semiconductor device of
claim 5, wherein the b%?&%efur herindludes %flnéﬁa] cg[%g&toor%co%% e t?é“l[\ﬁpeaeﬁsthg lsrgggrrld terminal and
third ternefnalfthe sémiconouctor devicea 8. Crhecsemiicohdudtor Hevide-of TiiME, whereinothe third and

fourth conductive traces, qre wounoLto exfibiLInduglive PIOPEMES .14 terminal 136;
plot 172 is return loss of terminal 136.

FIG. 9 is a waveform plot of the RF coupler electrical
response for the DCS band IPD. Plot 174 is directivity as the
power between terminal 134 and terminal 136 less the power
between terminal 134 and terminal 132; plot 176 is forward
coupling between terminal 136 and terminal 134; plot 178 is
backward coupling between terminal 132 and terminal 134.

FIG. 10 illustrates a wireless communication system
180 using RFIC 182. RFIC 182 contains a directional RF coupler
and common balun as IPDs integrated on substrate 122 of a single
semiconductor die 120. RFIC 182 is coupled to PA and
transceiver 184. PA and transceiver 184 amplifies the RF signal
for transmission and receive RF signals in full-duplex, and
filter and condition the signals for further processing. The RF
coupler detects the level of transmitted power from PA and
transceiver 184. RFIC 182 is a 4-port device. Terminals 186
and 188 are differential ports connected to PA and transceiver
184; terminal 190 is a single—-ended power output; terminal 192
is a coupling output for detecting transmitter power.

Further detail of RFIC 182 is shown in FIG. 11 with
signal trace or inductor 196 coupled between terminal 190 and
circuit node 198. Capacitor 200 is coupled between terminal 192
and circuit node 198. Capacitor 202 is coupled between terminal
186 and circuit node 198. A thin film resistor 204 is coupled
between circuit node 198 and ground terminal 206. Coupler trace
or inductor 208 is coupled between terminal 192 and ground

terminal 210. The RF coupler circuit detects transmitted power
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9. The semiconductor device of claim 5, wherein the second conductive trace is wound to exhibit an
inductive property. 10. The semiconductor device of claim 5, further including a resistor coupled between
the circuit node and a fourth terminal of the semiconductor device. 11. A semiconductor device,
comprising: a substrate; a radio frequency (RF) coupler formed over the substrate, the RF coupler
including, (a) a first conductive trace comprising a first portion of the RF coupler and including a first
end coup%%drto afirsitt rmigal of the se iconduI%or device, and b) a sec nQIE conductive trace

wound ina cgi}l\%ﬁh al |r1§tcer%(¥%oﬁgllé@ 5%gse%ondcigprﬁi%é%fvt%ecs%rﬁcéﬁguc or gg\ﬁge, wherein a first

portion obthercoll is disposéd an prakimitytd the firsk cendudtive tRicECasl & 3e€omd pertion of the RF

Coume“%Q%tains a balun common with coupler trace 208. The balun
provides additional RF signal processing without consuming
significant area or degrading directivity.

FIG. 12 shows a physical circuit layout of RFIC 182
integrated in a small form factor on common substrate 122 of
semiconductor die 120. Terminal 190 is coupled to a first end
of signal trace 196. A second end of signal trace 196 1is
coupled to circuit node 198. Terminal 192 is coupled to a first
end of coupler trace 208. A second end of coupler trace 208 is
coupled to ground terminal 210. Signal trace 196 is placed in
close physical proximity along a portion of coupler trace 208,
e.g., in areas 211 where signal trace 196 and coupler trace 208
are separated by about 10 um. The magnetic coupling and
capacitive coupling between signal trace 196 and coupler trace
208 in areas 211 provides a flexible coupling strength. Signal
trace 196 and coupler trace 208 can have a rectangular,
polygonal, or circular form or shape, about 8pm in width.

Signal trace 196 and coupler trace 208 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Signal trace 196 and coupler trace 208 are
formed using evaporation, sputtering, PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process.

Capacitor 200 is coupled between terminal 192 and
signal trace 196. Capacitor 202 is coupled between the second
end of signal trace 196 (circuit node 198) and trace 212, which
is connected to terminal 186. Resistor strip 204 is coupled

between the second end of signal trace 196 (circuit node 198)
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an integrated passive device formed over the substrate, wherein a second portion of the coil outside the
proximity of the first conductive trace operates as a circuit component of the integrated passive device,
wherein the integrated passive device includes a low-pass filter, the low-pass filter including, (c) the
second portion of the second conductive trace; (d) a first capacitor coupled between the second
terminal and a third terminal of the semiconductor device; (e) a second capacitor coupled between a
fourth terminal and a gfttg eterminal of}@g sengcondu.ctor devé%% and éf) a thirg capacitor coupled

between ne sé'q(]::oonudn termlnrari]%t% ourth termlﬁglaocf]tﬁé) ]écs-:-mlcond%%?or%oewcceéllz. ?he semiconductor

device ofictaiirehnwherens thevintegratetepassiieude iee further ircludes a dakh. 113. 5% metkod of

making a_semigenductar deyice, GomBAAINg; Proviging & SUPRIAIG, ufacturing process.
Capacitors 200 and 202 are implemented using a thin-film
dielectric. The thin-film material increases capacitance
density. The voltage across capacitor 200 is different from the
voltage across capacitor 202. By appropriate selection of
capacitance values for capacitors 200 and 202, the phase of the
combined electrical coupling is similar to the phase of the
magnetic coupling. As a result, capacitors 200 and 202 increase
directivity for the RF coupling circuit 196, 208 to a value
greater than 20dB. Capacitors 200 and 202 provide greater
degrees of freedom in the design of the RF coupler.

Capacitors 200 and 202 also provide ESD protection for
RFIC 182. The ESD robustness in thin-film materials can be
obtained by using inductive shunt protection across vulnerable
capacitors. Most of the energy in an ESD event is concentrated
at low frequency, for which inductors in the nano-Henry range
are effectively short circuits. In the magnetically-coupled
circuit, each capacitor is protected by a low-value shunt
inductor to increase robustness to ESD.

RFIC 182 provides an additional IPD function, in this
case a common balun, in a compact footprint with the RF coupler
circuit. The balun function is implemented with a portion of
coupler trace 208. That is, the portion of coupler trace 208
outside areas 211 operates as a circuit component of the balun.
Thus, coupler trace 208 serves a common role as RF signal
coupler (portion of coupler trace 208 in areas 211) and balun
component (portion of coupler trace 208 outside areas 211). The

balun also has trace 212 having a first end coupled to terminal
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forming a radio frequency (RF) coupler over the substrate by, (a) forming a first conductive trace
comprising a first portion of the RF coupler, and (b) forming a second conductive trace wound in a
coil, wherein a first portion of the coil is disposed in proximity to the first conductive trace as a second
portion of the RF coupler; and forming an integrated passive device over the substrate, wherein a
second portion of the coil outside the proximity of the first conductive trace operates as a circuit

componept of the ntegrated passive devige, wherein forming thentearated passiye.deyice inpludes
forming a low-pass fi er, the low-pass fﬂ%er inc udi%g, r(?fﬁm second pdrtion of ﬁ1e second
conductiveatrace; a £ {d)scouphidgadfinsfiend obthesfirst candudive arateao sefirshtermmimal of the

semiconducior device; ., (¢).£qupling & firsbend of the second conductive trace 10 g sgegnd terminal of

the semiconductor evice;
wound and interwoven to exhibit mutual inductive properties.
The balun also has capacitor 220 coupled between terminal 192
and ground terminal 210, capacitor 222 coupled between terminal
186 and ground terminal 214, and capacitor 224 coupled between
terminal 188 and ground terminal 214.

FIG. 13 is a schematic representation of balun 226,
with traces 208, 212, and 216 and capacitors 220, 222, and 224,
for additional RF signal processing, such as suppressing
electrical noise, change impedance, and minimize common-mode
noise through electromagnetic coupling. The arrows illustrate
mutual inductance between traces 208, 212, and 216.

FIG. 14 is a waveform plot of the electrical response
of the balun for a GSM band (824MHz-915MHz). Plot 230 is
insertion loss between terminal 192 and terminal 186; plot 232
is return loss of terminal 192; plot 234 is common mode
rejection between terminal 192 and terminal 188.

FIG. 15 is a waveform plot of the electrical response
of the RF coupler for a GSM band. Plot 236 is directivity as
the power between terminal 190 and terminal 186 less the power
between terminal 190 and terminal 192; plot 238 is forward
coupling between terminal 190 and terminal 186; plot 240 is
backward coupling between terminal 190 and terminal 192.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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(f) forming a first capacitor coupled between the second terminal and a third terminal of the
semiconductor device; (g) forming a second capacitor coupled between a fourth terminal and a fifth
terminal of the semiconductor device; and (h) forming a third capacitor coupled between the second
terminal and fourth terminal of the semiconductor device. 14. The method of claim 13, wherein forming
the integrated passive device includes forming a balun. 15. A semiconductor device, comprising: a
substrate; a radio frequency (RF) coupler forre_elggl\r/lgr the substrate, the RF coupler including,

What is claimed:

1. A semiconductor device, comprising:

a substrate;

a radio frequency (RF) coupler formed over the substrate,
the RF coupler including,

(a) a first conductive trace having a first end
coupled to a first terminal of the semiconductor device, and
second end coupled to a circuit node, and

(b) a second conductive trace having a first end
coupled to a second terminal of the semiconductor device, and
second end coupled to a third terminal of the semiconductor
device, the first conductive trace being placed in proximity to
a first portion of the second conductive trace; and

a low-pass filter formed over the substrate, wherein a
second portion of the second conductive trace operates as a
circuit component of the low-pass filter, the low-pass filter
including,

(c) the second portion of the second conductive
trace,

(d) a first capacitor coupled between the second
terminal and a fourth terminal of the semiconductor device,

(e) a second capacitor coupled between the third
terminal and a fifth terminal of the semiconductor device, and

(f) a third capacitor coupled between the second

terminal and third terminal of the semiconductor device.
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(a) a first conductive trace, and (b) a second conductive trace wound in a coil with a first portion
of the coil disposed in proximity to the first conductive trace; and an integrated passive device (IPD)
formed over the substrate, wherein a second portion of the coil operates as a circuit component of the
IPD and wherein the IPD includes a capacitor coupled between a first end of the second conductive trace
and a second end of the second conductive trace. 16.The semiconductor device of claim 15, wherein the
RF coupler furthet indludes afitst end,of fhe first copdustive trace coupled.to a firstermingl of the
semiconductor device.
further includes:
a fourth capacitor coupled between the first terminal and
second terminal of the semiconductor device; and
a fifth capacitor coupled between the third terminal and

circuit node of the semiconductor device.

3. The semiconductor device of claim 1, further including a
resistor coupled between the circuit node and a fourth terminal

of the semiconductor device.

4. The semiconductor device of claim 1, wherein the second

conductive trace is wound to exhibit an inductive property.

5. A semiconductor device, comprising:

a substrate;

a radio frequency (RF) coupler formed over the substrate,
the RF coupler including,

(a) a first conductive trace having a first end coupled to
a first terminal of the semiconductor device, and second end
coupled to a circuit node, and

(b) a second conductive trace having a first end coupled
to a second terminal of the semiconductor device, and second end
coupled to a third terminal of the semiconductor device, the
first conductive trace being placed in proximity to a first
portion of the second conductive trace; and

a balun formed over the substrate, wherein a second portion
of the second conductive trace operates as a circuit component
of the balun, the balun including,

(c) the second portion of the second conductive trace;
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17.The semiconductor device of claim 15, wherein the IPD includes a low-pass filter. 18.The
semiconductor device of claim 17, wherein the low- pass filter further includes a first end of the first
conductive trace coupled to a first terminal of the semiconductor device. 19.The semiconductor device of
claim 15, wherein the IPD Includes a balun. 20The semiconductor device of claim 19, wherein the balun
further includes:

(d) a third conductive trace coupled between a fourth
terminal and a fifth terminal of the semiconductor device;

(e) a fourth conductive trace coupled between a sixth
terminal and the fifth terminal of the semiconductor device;

(f) a first capacitor coupled between the fourth terminal
and fifth terminal of the semiconductor device; and

(g) a second capacitor coupled between the sixth terminal

and the fifth terminal of the semiconductor device.

6. The semiconductor device of claim 5, wherein the RF coupler
further includes:

a third capacitor coupled between the second terminal and
circuit node; and

a fourth capacitor coupled between a fourth terminal and

the circuit node.

7. The semiconductor device of claim 5, wherein the balun
further includes a third capacitor coupled between the second

terminal and third terminal of the semiconductor device.

8. The semiconductor device of claim 5, wherein the third and
fourth conductive traces are wound to exhibit inductive

properties.

9. The semiconductor device of claim 5, wherein the second

conductive trace is wound to exhibit an inductive property.
10. The semiconductor device of claim 5, further including a

resistor coupled between the circuit node and a fourth terminal

of the semiconductor device.
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a first end of the first conductive trace coupled to a first terminal of the semiconductor device; the
first end of the second conductive trace coupled to a second terminal of the semiconductor device;
a third conductive trace coupled between a third terminal and a fourth terminal of the semiconductor

device;and

a fourth conductive trace coupled between a fifth terminal and the fourth terminal of

the semiconductor device.

11. A semiconductor device, comprising:

a substrate;

a radio frequency (RF) coupler formed over the substrate,

the RF coupler including,

(a)

a first conductive trace comprising a first portion of

the RF coupler and including a first end coupled to a first

terminal of the semiconductor device, and

(b)

a second conductive trace wound in a coil with a first

end coupled to a second terminal of the semiconductor device,

wherein

a first portion of the coil is disposed in proximity to

the first conductive trace as a second portion of the RF

coupler;
an

wherein

and
integrated passive device formed over the substrate,

a second portion of the coil outside the proximity of

the first conductive trace operates as a circuit component of

the integrated passive device, wherein the integrated passive

device includes a low-pass filter, the low-pass filter

including,

(c)
(d)

the second portion of the second conductive trace;

a first capacitor coupled between the second terminal

and a third terminal of the semiconductor device;

(e)

a second capacitor coupled between a fourth terminal

and a fifth terminal of the semiconductor device; and

(£)

a third capacitor coupled between the second terminal

and fourth terminal of the semiconductor device.

12. The semiconductor device of claim 11, wherein the

integrated passive device further includes a balun.
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13. A method of making a semiconductor device, comprising:

providing a substrate;

forming a radio frequency (RF) coupler over the substrate
by,

(a) forming a first conductive trace comprising a first
portion of the RF coupler, and

(b) forming a second conductive trace wound in a coil,
wherein a first portion of the coil is disposed in proximity to
the first conductive trace as a second portion of the RF
coupler; and

forming an integrated passive device over the substrate,
wherein a second portion of the coil outside the proximity of
the first conductive trace operates as a circuit component of
the integrated passive device, wherein forming the integrated
passive device includes forming a low-pass filter, the low-pass
filter including,

(c) the second portion of the second conductive trace;

(d) coupling a first end of the first conductive trace to a
first terminal of the semiconductor device;

(e) coupling a first end of the second conductive trace to
a second terminal of the semiconductor device;

(f) forming a first capacitor coupled between the second
terminal and a third terminal of the semiconductor device;

(g) forming a second capacitor coupled between a fourth
terminal and a fifth terminal of the semiconductor device; and

(h) forming a third capacitor coupled between the second

terminal and fourth terminal of the semiconductor device.

14. The method of claim 13, wherein forming the integrated

passive device includes forming a balun.
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15. A semiconductor device, comprising:
a substrate;
a radio frequency (RF) coupler formed over the substrate,
the RF coupler including,
(a) a first conductive trace, and
(b) a second conductive trace wound in a coil with a
first portion of the coil disposed in proximity to the first
conductive trace; and
an integrated passive device (IPD) formed over the
substrate, wherein a second portion of the coil operates as a
circuit component of the IPD and wherein the IPD includes a
capacitor coupled between a first end of the second conductive

trace and a second end of the second conductive trace.

16. The semiconductor device of claim 15, wherein the RF
coupler further includes a first end of the first conductive

trace coupled to a first terminal of the semiconductor device.

17. The semiconductor device of claim 15, wherein the IPD

includes a low-pass filter.
18. The semiconductor device of claim 17, wherein the low-
pass filter further includes a first end of the first conductive

trace coupled to a first terminal of the semiconductor device.

19. The semiconductor device of claim 15, wherein the IPD

includes a balun.

20 The semiconductor device of claim 19, wherein the

balun further includes:
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a first end of the first conductive trace coupled to
first terminal of the semiconductor device;

the first end of the second conductive trace coupled
to a second terminal of the semiconductor device;

a third conductive trace coupled between a third
terminal and a fourth terminal of the semiconductor device;and

a fourth conductive trace coupled between a fifth

terminal and the fourth terminal of the semiconductor device.
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